Introduction {#s0005}
============

Epithelial cell maintains apical-basal polarity and contact with adjacent cells through adherens junctions, tight junctions, and desmosomes. Mesenchymal cells on the other hand are separated with each other by the extracellular matrix, do not have a basal lamina separating them from adjacent tissue, and do not have the distinctive apical-basolateral polarity as epithelial cells.

Greenburg and Hay were the first to show that when epithelial cells derived from embryonic and adult anterior lens were maintained in three-dimensional conditions using a collagen gel culture system, they lose their polarity and acquire mesenchymal properties, and termed this phenomenon "epithelial to mesenchymal transformation" \[[@bb0005]\]. In 1985, Stocker and Perryman \[[@bb0010]\] demonstrated that the supernatant derived by fibroblast culture induced the migration of epithelial Madin-Darly canine kidney. In the 1990s, the scattering activity was attributed to the hepatocyte growth factor (HGF).

Epithelial-mesenchymal transitions (EMTs), the acquisition of mesenchymal features from epithelial cells, occur during some biological processes and are classified into three types \[[@bb0015],[@bb0020]\]: the first type occurs during embryonic development, the second type is associated with adult tissue regeneration, and the third type occurs in cancer progression. EMT occurring during embryonic development in gastrulation, renal development, and the origin and fate of the neural crest is a highly regulated process, while EMT occurring during tumor progression s highly deregulated.

Biological Mechanisms of EMT {#s0010}
============================

The events occurring during EMT include the loss of adherents junctions and the downregulation of cytokeratins and E-cadherin, epithelial specific markers, and by the increase of mesenchymal markers, such as fibronectin, N-cadherin, and vimentin, the gaining of a fibroblastoid invasive phenotype, as well as the anoikisis/apoptosis resistance \[[@bb0025], [@bb0030], [@bb0035]\]. EMT markers are summarized in [Table 1](#t0005){ref-type="table"}. EMT is modulated through complex molecular pathways that involve microRNAs and epigenetic and posttranslational regulators along with alternative splicing events \[[@bb0040]\].Table 1EMT MarkersTable 1**Increased proteins**N-cadherinVimentinFibronectinSnail 1 (Snail)Snail 2 (Slug)TwistFOX C2SOX 10MMP-2, MMP-3, MMP-9N-cadherin  **Decreased proteins**E-cadherinDesmoplakinCytokeratinOccludin  **Functional markers**Increased migrationIncreased invasionIncreased scatteringElongation of cell shapeResistance to anoikis

Transcription factors including Snail1/Snail, Snail2/Slug, Twist, and ZEB1 are involved in the orchestration of EMT \[[@bb0045]\]. Snail1-induced EMT involves the loss of E-cadherin and claudins with concomitant upregulation of vimentin and fibronectin, among other biomarkers \[[@bb0050]\]. Snail2-deficient mice show delayed mammary gland tubule growth and precocious branching morphogenesis \[[@bb0055]\]. Twist overexpression was correlated with hepatocellular carcinoma metastasis through induction of EMT changes and hepatocellular cell invasiveness \[[@bb0060]\]. In invasive ductal and lobular breast cancer, upregulation of ZEB1 was coupled to cancer cell dedifferentiation \[[@bb0065]\]. During EMT, increased expression of the mesenchymal markers vimentin and N-cadherin and the downregulation of the epithelial marker E-cadherin, a powerful suppressor of tumor cell invasion and metastasis, have been observed \[[@bb0070],[@bb0075]\]. However, loss of E-cadherin alone might not be sufficient to elicit EMT associated changes \[[@bb0080]\]. In fact, complete loss of E-cadherin expression observed in lobular carcinoma *in situ* of the breast is not associated to an aggressive phenotype, but on the other hand, the invasive type of the same breast carcinoma has a favorable outcome with respect to invasive ductal breast carcinoma that instead expresses E-cadherin \[[@bb0085]\]. β-Catenin molecule, which forms an important membrane complex with E-cadherin, often detaches the cell membrane and translocates to the nucleus to participate in the induction of EMT signaling events \[[@bb0090]\]. As cytosolic levels of β-catenin increase, the protein is often found to accumulate in the nucleus, where β-catenin can interact with members of the LEF/TCF family of transcription factors to promote EMT \[[@bb0095]\]. During gastrulation, β-catenin forms a complex with LEF-1 to bind and inhibit the transcription of *CDH1* and induce EMT \[[@bb0100]\].

EMT in Cancer {#s0015}
=============

In the early 80s, the correlation between EMT and cancer was reported. The benign tumor cells acquire infiltrating and metastasizing properties during the tumor progression due to EMT. The vast majority of tumors undergo EMT during tumor progression, so much so that cancers derived from epithelia are those in which the EMT process is determinant \[[@bb0105]\]. The only exception is the carcinosarcoma, in which a precursor cell develops both epithelial and mesenchymal compartments able to coexist \[[@bb0110]\]. Carcinosarcomas are rare and extremely aggressive tumors resulting in short survival of patients and are characterized by high malignancy grade in both epithelial and mesenchymal components.

After activation of EMT, tumor epithelial cells lose their cell polarity and cell-cell adhesion and gain migratory and invasive properties, becoming mesenchymal cells \[[@bb0105]\]. It has been demonstrated that transforming growth factor beta (TGF-β)/Smads pathway is the strongest EMT inducer by the upregulation of EMT-related transcription factors \[[@bb0115]\].

The role of EMT in the tumorigenesis of different cancers including prostate, lung, liver, pancreatic, and breast cancers has been demonstrated \[[@bb0120],[@bb0125]\]. The decrease or loss of E-cadherin and catenins expression is considered as an unfavorable prognostic factor in non--small cell lung cancer (NSCLC) \[[@bb0130],[@bb0135]\]. In addition, vimentin and Snail have also been associated with the malignant phenotype of NSCLC \[[@bb0130], [@bb0135], [@bb0140]\]. It has been demonstrated that the invasive phenotype prostate cancer cell is associated with the decreased expression of E-cadherin influencing grade, local invasiveness, dissemination into the blood, and tumor relapse after therapy \[[@bb0145], [@bb0150], [@bb0155]\].

In human carcinomas, among the transcription factors involved in EMT, Snail has the major role as inducer, while Twist and Zeb ½ are principally involved in retaining the invasive mesenchymal phenotype \[[@bb0160]\]. In particular, it was found that Snail 1 is specifically expressed at the invasive front of colon carcinoma. In addition, the Snail 1 expression is correlated both to the malignancy of experimentally induced breast tumors and to an increased possibility of tumor relapse and poor survival in human breast cancer \[[@bb0165]\]. Vimentin is expressed at high levels in many epithelial tumors, including breast cancer, prostate cancer, melanoma, and lung cancer, and its expression is determinant for tumor growth, invasion, and poor prognosis and serves as potential target for cancer therapy \[[@bb0170]\] Overexpression of vimentin in MCF7 cells increased cell stiffness, elevated cell motility and directional migration, reoriented microtubule polarity, and increased EMT phenotypes due to the increased β1-integrin and the loss of junction protein E-cadherin \[[@bb0175]\]. A relation between hypoxia and β-catenin in human prostate cancer has been found. In this tumor, both the expression and the nuclear activity of β-catenin are associated with the concentration of hypoxia inducible factor 1 alpha (HIF-1α)--induced EMT \[[@bb0180]\]. This process can also be potentiated by Wnt3a/β-catenin pathway in hepatocellular carcinoma \[[@bb0185]\].

EMT and Stemness {#s0020}
================

EMT activation has been associated to the generation of cancer stem cells (CSCs) \[[@bb0190]\]. Several studies have demonstrated a link between EMT, stemness, and the metastatic initiating potential of tumor cells. Induction of EMT in transformed epithelial cells was shown to culminate in endowing cells with stem-like traits \[[@bb0195],[@bb0200]\]. These stem-like traits promoted the initiation of primary tumors and accelerated metastasis \[[@bb0205],[@bb0210]\]. For example, EMT-TF Zeb1 promotes stemness and inhibits epithelial differentiation by repressing miR-200 family members \[[@bb0215]\]. Carcinoma CSCs express at the same time phenotypic characteristics of epithelial and mesenchymal cells, and this allows CSCs to move in alternative states during EMT. Moreover, CSCs are involved in tumor growth, metastatic process, drug resistance, and tumor relapse after therapy. Experimental evidences showed that a subpopulation of CSCs included in a human mammary epithelial cell culture if stimulated by TGF-β or through Snail1/Twist1 inducer undergoes EMT and develops mammospheres \[[@bb0220]\]. In pancreatic cancer cells, Notch signaling is involved in the acquisition of EMT and cancer stem-like phenotypes \[[@bb0225]\]. Since the initial discovery of the connection between breast cancer cells that have undergone an EMT and their entrance into a stem-cell like state \[[@bb0230]\], a number of studies have reported acquisition of stemness following the activation of an EMT program in multiple cancer types including pancreatic, prostate, colorectal, and ovarian cancer \[[@bb0235], [@bb0240], [@bb0245], [@bb0250]\].CCL21/CCR7 axis regulated EMT progress and promoted the stemness of oral squamous cell carcinoma by activating the JAK2/STAT3 signaling pathway \[[@bb0255]\]. A stemness- and EMT-based gene expression signature identifies phenotypic plasticity and is a predictive but not prognostic biomarker for breast cancer \[[@bb0260]\].Using different murine pancreatic ductal adenocarcinoma and pancreatitis models, Rhim et al. demonstrated that cells which have undergone a partial EMT and express E-cadherin and Zeb1 exhibit stem cell properties \[[@bb0265]\]. CD133, a surface antigen associated with CSCs in human pancreatic ductal adenocarcinoma, mediates EMT through the regulation of Snai2 in human pancreatic cells \[[@bb0270]\].

Overall, these studies demonstrated that EMT, along with the resulting acquisition of stem cell-like properties, facilitates dissemination and consequently the outgrowth of tumor cells at distant organs \[[@bb0275]\].

EMT and Cytokines {#s0025}
=================

Different cytokines are involved in EMT induction, including HGF, epidermal growth factor (EGF), and fibroblast growth factor (FGF) \[[@bb0280], [@bb0285], [@bb0290]\]. FGF acts as a chemoattractant for epithelial cells which express FGF receptors, and FGF is able to induce epithelial cell growth. Cancer cells that undergo EMT secrete cytokines such as TGF-β, interleukin-10 (IL-10), and thrombospondin-1 (TSP-1) that result in a generally immunosuppressive tumor microenvironment \[[@bb0295]\]. Cytokines such as IL-8, IL-6, and tumor necrosis factor alpha (TNF-α), often secreted by tumor stroma, can also promote EMT \[[@bb0300], [@bb0305], [@bb0310]\].

In human NSCLC, IL-27 through a STAT1 dominant pathway increases the expression of epithelial markers and inhibits cell migration and the angiogenic activity \[[@bb0315]\]. Moreover, when lung cancer cells are stimulated with IL-27, they increased the epithelial marker expression (E-cadherin and γ-catenin) and reduced the expression of both Snail (transcriptional repressor of E-cadherin) and mesenchymal markers (N-cadherin and vimentin). It has been also observed that IL-27 inhibited *in vitro* tumor cell migration \[[@bb0315]\]. The negative effect of IL-6 on E-cadherin expression in breast cancer cell lines was also demonstrated \[[@bb0320]\]. Sullivan et al*.* \[[@bb0305]\] demonstrated that the ectopic expression of IL-6 in MCF7 cells activated the JAK2/STAT3 pathway and Twist, leading to the acquisition of mesenchymal markers and properties.

EMT and Stromal Tumor Cells {#s0030}
===========================

Epithelial-mesenchymal interactions within the tumor microenvironment integrate several important signaling molecules that are critical for tumor growth and metastasis, including integrins, cytokines, and growth factors \[[@bb0325]\]. The presence of cytokines such as HGF, EGF, platelet derived growth factor (PDGF), and TGF-β produced and released by the tumor stroma acts by inducing EMT and favoring processes such as metastasis \[[@bb0330],[@bb0335]\], and they can activate a number of transcription factors of genes that promote EMT, such as Snail, Slug, ZEB1, and Twist, to transmit EMT promotion signals \[[@bb0015],[@bb0340]\]. The activation of specific genes induce EMT in breast cancer cell lines when they were co-cultured with mesenchymal stem cells (MSCs) and decrease the expression of genes related to epithelial differentiation \[[@bb0345]\]. Many signals received from the tumor microenvironment can initiate EMT including TGFβ, HIF-1α, EGF, WNTs, and Notch. Different signals trigger the expression of these transcription factors including heterotypic interactions with neighboring cancer cells and interactions with adjacent tumor-associated stromal cells.

Cancer-associated fibroblasts (CAFs) activate the EMT program in nearby carcinoma cells. CAFs from human prostate cancers induced EMT in co-cultured PC-3 human prostate carcinoma cells via secretion of matrix metalloproteinases (MMPs) \[[@bb0350]\]. The conditioned culture medium of CAFs isolated from invasive breast tumors induces EMT-like changes in multiple human breast cancer cell lines through TGFβ secreted by CAFs \[[@bb0355]\]. Tumor-associated macrophages can contribute to the activation of EMT in carcinoma cells. Depletion of macrophages from mice bearing F9 teratocarcinoma allografts results in the epithelial differentiation of tumor cells, thus indicating the critical role of macrophages in maintaining the mesenchymal properties of the tumor cells. This EMT effect is mediated, in part, by the secretion of TGFβ by macrophages \[[@bb0360]\].

EMT and Metastasis {#s0035}
==================

Invasion of cells into the extracellular matrix is considered one of the first steps in metastatic cascade. The cells acquiring the ability to migrate and invade matrix have long been considered a hallmark of EMT and have been used as a surrogate to describe the role of EMT in metastasis \[[@bb0365]\]. Distinct mechanisms are involved including cytoskeletal reorganization, altered expression of cell adhesion molecules, degradation of basement membrane through activation of MMP-2 and MMP-9 \[[@bb0370]\], as well as sustained autocrine growth factor signaling to evade apoptosis and/or anoikis \[[@bb0375]\]. Studies using mouse models of breast and skin cancers have demonstrated that activation of an EMT program is important for primary tumor cells to disseminate into the lungs, while the disseminated cells need to subsequently reverse the EMT program and gain epithelial characteristics in order to efficiently form macroscopic metastases \[[@bb0380],[@bb0385]\]. In multiple carcinomas, experimental activation of the EMT program results in a remarkable increase in the ability of these cells to extend filopodium-like protrusions, allowing these EMT-activated cells to proliferate following extravasation, ultimately enabling them to seed metastases \[[@bb0390]\].

EMT and Circulating Tumor Cells (CTCs) {#s0040}
======================================

CTCs are constituted by carcinoma cells penetrated into the blood vessels (intravasated) and reaching distant sites where they form new metastatic colonies. CTCs show an incomplete EMT activation and express both epithelial and mesenchymal markers. CTCs are considered as precursors of metastasis, and the molecular attributes of these cells will provide a useful tool to clarify the mechanisms underlying malignant spread. A higher number of mitotic CTCs have been found in advanced metastatic breast cancer patients, and the mitotic state of CTCs correlated with shorter survival in these patients \[[@bb0395]\]. Mesenchymal CTCs have been found to be higher in patients affected by progressive tumors \[[@bb0400]\]. The presence of CTCs during primary prostatic cancer has been associated to the alteration of E-cadherin expression \[[@bb0145]\].

EMT and Tumor Angiogenesis {#s0045}
==========================

EMT and angiogenesis are two critical factors influencing tumor growth and metastasis. Angiogenesis is a crucial event in tumor progression and metastasis formation, allowing the transition from an avascular steady state of tumor growth to a vascularized phase through the so-called angiogenic switch. In the promotion of tumorigenesis, EMT and angiogenesis have been revealed as integral processes \[[@bb0405]\]. It has been demonstrated that levels of vascular endothelial growth factor (VEGF) and EGF receptor (EGFR) are associated with hangs in Twist2 expression and reduction of E-cadherin levels \[[@bb0410]\]. The activation of VEGF pathways in hypoxic tumors stimulates endothelial mesenchymal transition in angiogenic tumor endothelial cells \[[@bb0415]\]. The administration of VEGF in xenograft experimental models of preinvasive cells induced the expression of EMT markers \[[@bb0420],[@bb0425]\]. VEGF receptor-1 (VEGFR-1) activation results in EMT, tumor cell motility, and invasiveness in human pancreatic carcinoma cells \[[@bb0430]\]. The cross talk between Notch and VEGF pathways in the context of hypoxic tumors promotes endothelial mesenchymal transition in angiogenic tumor endothelial cells \[[@bb0435]\]. Studies on xenografts in preinvasive cells demonstrated that the addition of VEGF induces the appearance of EMT markers \[[@bb0440],[@bb0445]\].

EMT and Tumor Dormancy {#s0050}
======================

Dormancy of the early disseminated tumor cells may display an EMT/mesenchymal-to-epithelial transition (MET) transient state leaning to a more mesenchymal phenotype, resulting in CSC-like traits responsible for their quiescence. Snail, one of EMT transcription factors, could dramatically impair cell-cycle progression by repressing the transcription of cyclin D2 whose activity was required for cell division \[[@bb0450]\]. Moreover, Snail could suppress tumor cell proliferation through binding to flanking region of proliferating cell nuclear antigen gene to decrease its expression \[[@bb0455]\]. However, how these tumor cells remain and exit dormancy has not been verified, and the dynamic changes of the cellular phenotype in tumor progression have not been shown *in vivo* \[[@bb0265],[@bb0460]\]. EMT of dormant MCF-7 cells expressing LOXL2 was required for their CSC-like properties and their transition to metastatic outgrowth. Moreover, increase in LOXL2 mRNA levels correlates with increase in the mRNA levels of EMT and stem cells markers, and is also associated with decrease in relapse-free survival of breast cancer patients \[[@bb0465]\].

EMT and Immune Interactions {#s0055}
===========================

The link between EMT and immune recognition and killing of cancer cells is well established. EMT contributes to immune escape of tumors as it has been demonstrated in the human mammary carcinoma model MCF7 which underwent EMT, following stable expression of Snail or after prolonged exposure to TNF-α, and exhibited reduced susceptibility to tumor lymhocytes-mediated lysis \[[@bb0470]\]. High levels of the EMT-related factor Brachyury reduced the susceptibility of carcinoma cells not only to tumor lymphocytes but also to natural killer (NK) cells, lymphokine-activated killer, FAS, and TRAIL-induced cell death \[[@bb0475]\]. Exposure to inflammatory cytokines can endow cancer cells undergoing EMT with a number of immunomodulatory effects, including interference with proliferation, differentiation, and apoptosis of NK, T-, and B-cell populations \[[@bb0480]\]. A correlation between high EMT score and high expression of several immune checkpoints including PD1, PD-L1, PD-L2, B7-H3, OX40, OX40L, CD137, TIM3, LAG3, and CTLA4 has been demonstrated \[[@bb0485]\]. A CXCL1-LCN2 paracrine network was demonstrated in prostate cancer tissue samples, which was correlated with the recurrence of prostate cancer. CXCL1-LCN2 axis activates Src signaling, triggers the EMT, and promotes the migration of prostate cancer cells, leading to enhanced tumor metastasis \[[@bb0490]\]. Neuroblastoma MSCs exhibited greater immunosuppressive capacity on activated T lymphocytes compared with bone marrow MSCs, and transcriptomic profiling results indicated that neuroblastoma MSCs were enriched with EMT genes compared to bone marrow MSCs \[[@bb0495]\]. Analysis of primary tumors from patients with NSCLC revealed a positive correlation among intratumoral macrophage densities, EMT markers, TGF-β levels, and tumor grade \[[@bb0500]\]. In colon and breast cancer, platelets promote extravasation of cancer cells by inducing EMT through direct contact and release of TGF-β \[[@bb0505]\]. Various cytokines, including IL4, IL6, IL10, TNF-α, and TGF-β1, secreted by activated macrophages could induce EMT by altering the expression of EMT-related genes in human cholangiocarcinoma \[[@bb0510]\].

EMT and Chemoresistance {#s0060}
=======================

Two reports provide convincing evidence linking the EMT to cancer drug resistance, particularly favoring the multidrug resistance phenotype but also radioresistance, which may be caused by an enhancement of cancer cell survival, cell fate transition, and/or upregulation of drug resistance-related genes \[[@bb0515],[@bb0520]\]. Moreover, the context-dependent stemness of the transformed cells and their mesenchymal status, the dysregulation of particular transcription factors, as well as relevant signaling cascades influencing major antitumor barriers in cells, i.e., senescence and various forms of cell death, might be involved \[[@bb0525], [@bb0530], [@bb0535], [@bb0540], [@bb0545]\].

The levels of SPARC allow to distinguish high-grade breast cancer with improved EMT, resistance to treatment, and poor prognosis. The induction of EMT by SPARC is associated to the localization and suppressive function of myeloid cells, and the administration of amino-bisphosphonates could revert EMT through the inhibition of the suppression activity in myeloid-derived stem cells \[[@bb0550]\] .

The identification of the EMT as a common regulator of the CSC phenotype across various carcinoma types has provided us to investigate, at the molecular level, how CSCs and therapeutic resistance are linked via EMT programs. An analysis of responses to chemotherapy in patients with breast cancer revealed a close association between therapeutic resistance and increased expression of genes that are usually expressed primarily by the stromal cells; this transcriptional upregulation seems to be caused by activation of the EMT program within carcinoma cells \[[@bb0555]\]. In NSCLC and ovarian cancer, the EMT switches the dependence of carcinoma cells from the EGFR to the AXL receptor tyrosine kinase, thereby yielding resistance to EGFR-targeted therapy \[[@bb0560],[@bb0565]\]. Moreover, EMT contributes to the establishment of an immunosuppressive tumor microenvironment and thereby confers resistance to immunotherapies \[[@bb0570]\]. In breast cancer model, mesenchymal cancer cells within a tumor were able to induce the immunosuppressive microenvironment and protect the more epithelial cancer cells residing in the same tumor from immune attack \[[@bb0575]\].

EMT and Senescence {#s0065}
==================

Increasing evidence suggests that the two processes that seem to operate independently, EMT and senescence, are in fact intertwined. For example, several transcription factors can both inhibit senescence and induce EMT. Activation of EMT is linked to suppression of cellular senescence, as it has been demonstrated in human epithelial cells, in which whereas ectopically expressed ErbB2 induces senescence, overexpression of both Twist and ErbB2 triggers EMT and allows for senescence bypass \[[@bb0580]\], and also in the context of another EMT regulator, Zeb1 \[[@bb0585]\]. Moreover, when cells were locked in a senescent state by activation of p53, TGFβ was no longer able to induce EMT, raising the possibility that senescent cells cannot undergo EMT \[ \[[@bb0590]\]. Culture media from senescent cells decreased overall and cell surface β-catenin and E-cadherin, and reduced cytokeratin expression \[[@bb0595]\], consistent with a mesenchymal transition. In the meantime, senescent cells secrete chemokines that can create a gradient to promote cell migration and invasion. In breast cancer, the high levels of IL-6 and IL-8 secreted by senescent fibroblasts enhanced the invasiveness of cancer cell lines in cell culture \[[@bb0595],[@bb0600]\]. Furthermore and consistent with a SASP-induced EMT, culture media from senescent, but not nonsenescent, cells stimulated premalignant and malignant cancer cells to invade a basement membrane \[[@bb0595]\]. Senescent-associated phenotype derived from senescent fibroblasts induces EMT in neighboring epithelial cells and contributes to EMT in nonaggressive human breast cancer cell lines \[[@bb0605]\].

EMT and Inflammation {#s0070}
====================

Inflammatory mediators, including soluble factors, oxidative stress, or hypoxia, can foster the acquisition of EMT-like features in cancer cells \[[@bb0610]\]. The number of tumor-associated macrophages has been correlated with EMT-like features in gastric cancer \[[@bb0615]\], NSCLC \[[@bb0360]\], or head and neck cancer \[[@bb0620]\]. In hepatocellular carcinoma, macrophages induce EMT in cancer cells in co-culture experiments in an IL-8--dependent fashion \[[@bb0625]\] or in a TGF-β--dependent fashion \[[@bb0630],[@bb0635]\]. The induction of EMT by TNF-α, in synergy with TGF-β or other inflammatory factors, has been described \[[@bb0640]\]. The link between IL-8 and EMT has established a form of a mutual loop in which IL-8 and EMT programs sustain each other in tumor microenvironment \[[@bb0645]\]. EMT in association with inflammation has also been correlated with higher stages of cancer progression. In patients with inflammatory breast cancer, a correlation exists between immune activation and the presence of circulating tumor cells with EMT characteristics \[[@bb0650]\].

Mesenchymal-Epithelial Transition {#s0075}
=================================

Following the metastatic tumor cells arriving at distant sites, they undergo MET, reversing the conversion into metastatic lesions \[[@bb0105]\]. Multiple transition states have been demonstrated in tumors, suggesting that the tumor cells could frequently express a mix of both epithelial and mesenchymal genes \[[@bb0655]\]. The histologic features connecting the secondary metastatic tumors to the primary is due to a process called MET that allows the cancer tumor cells to colonize secondary distant sites ([Figure 1](#f0005){ref-type="fig"}). MET has been demonstrated in different mesenchymal tumors and is expression of the reversibility of EMT \[[@bb0660]\]. Comparing expression of epithelial junctional proteins including E-cadherin, β-catenin, and connexin in primary tumor and matched distant metastases in lung, liver, and brain of cancer patients shows equal or increased epithelial cells in metastases, indicating that circulating mesenchymal tumor cells undergo MET \[[@bb0665]\]. However, the exact mechanisms underlying MET, including where and how MET takes place and how it facilitates the formation of metastases, remain largely elusive, and compared to EMT, molecular mechanisms mediating MET are relatively less characterized \[[@bb0670],[@bb0675]\]. GRHL2, a transcription factor that activates E-cadherin and Claudin-4, and OVOL1/2 can repress EMT-associated transcription factors and drive MET \[[@bb0680], [@bb0685], [@bb0690]\]. However, the overexpression of OVOL2, GRHL2, or E-cadherin may not always be sufficient to drive complete MET \[[@bb0695], [@bb0700], [@bb0705], [@bb0710]\].Figure 1Epithelial to mesenchymal transition (EMT) and mesenchymal to epithelial transition (MET).Figure 1

Concluding Remarks and Future Perspectives {#s0080}
==========================================

EMT is of extreme importance in tumor microenvironment in the regulation of tumor growth, progression, and metastatic cascade. Context-dependent signaling transduction pathways and microenvironment signals, such as hypoxia, oxidative stress, nutrient deprivation, or inflammation, and EMT transcription factors such as Snail1/Snail2, ZEB1/ZEB2, and Twist1 are responsible to induce and sustain the mesenchymal phenotype ([Figure 2](#f0010){ref-type="fig"}).Figure 2Main events in EMT.Figure 2

The EMT process within the tumor context is highly dynamic, implying transient and reversible states, thus resembling embryonic development where EMT and the reverse MET processes occur as necessary steps for early embryogenesis and morphogenesis.

EMT stimulates the tumor angiogenesis, but the role of EMT on the interaction between tumor cells and the tumor microenvironment has not been deepened even though the mechanisms inducing EMT and their association to improved invasive properties of tumor cells have been extensively studied.

The induction of EMT confers therapy resistance in tumor cells \[[@bb0715]\] that leads to a reduction of proliferation rate and increased expression of both antiapoptotic proteins and transporters belonging to ATP binding cassette that are responsible of drug efflux. EMT has a role in the establishment of an immunosuppressive tumor microenvironment and induces also immunotherapies resistance. In this context, an increased immunosuppressive regulatory T cells infiltration in tumor microenvironment when EMT is stimulated by Snail in melanoma cells was found \[[@bb0720]\].

Intermediate states between epithelial and mesenchymal phenotypes might occur at different steps of the metastatic cascade with cells transitioning through hybrid states during tumor dissemination. EMT modulation could constitute an approach to avoid metastasis. For example, some of the targeted small molecules utilized as antiproliferative agents have been revealed to inhibit EMT initiation or maintenance because EMT is regulated through signaling pathways for which these molecules have been designed \[[@bb0725]\]. The modulation of the signaling processes involved in inducing and maintaining mesenchymal characteristics can inhibit EMT. Experimental works established that extracellular vesicles, including exosomes, play a role in EMT and metastasis \[[@bb0730], [@bb0735], [@bb0740]\]. Thus, exosomes are considered as potential doxorubicin delivery system for tumor tissue to inhibit tumor growth with a reduced toxicity \[[@bb0745]\].

One of the challenges is the characterization of a number of genes or proteins that could be studied in human samples to predict the establishment or acquisition of EMT or hybrid states, along with the detection of the reverse MET process. These specific signatures could be used as new tools for understanding tumor cell plasticity as well as for diagnosis and prognosis. Additional studies using innovative genetically engineered animal models to trace and analyze tumor cells responsible for seed metastasis, together with higher-resolution *in vivo* intravital imaging microscopy, would contribute to better understand the biological relevance of EMT and plasticity processes to metastasis in different tumors. Finally, the emergence of targeted therapies against signaling regulators of EMT might lead toward clinical benefits due to the specific targeting of cancer cells undergoing EMT.
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